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PREFACE. 



/'N the Tear 1733/ publifhed an EJfay on 
Mufcular Motion, founded on the New- 
tonian ' Philofophy of Attraction and Repul- 
fion ; and though the 'thoughts 'were haflily put 
together ', and the Performance in general^ 
very inaccurate, yet J mufi own I have not 
met with any Reafon, fnce that Time, to alter 
my Sentiments in regard to the Caufe and Man- 
ner of Gontra&ion in the mufcular Fibres. 

I did not think indeed of ingaging my f elf any 
further in folving fuch abflrufe Phenomena ; 
but being defredbymy ever honoured Friend Sir 
Hans Sloane Baronet, to make fome Experi- 
ments which might illujlrate a?id confirm the 
truth of my Hypothesis, / readily a?id chear- 
fully complied with his Commands ; and after- 
'wards I drew up the following L,e&ures, 
which were by Order of the Prefident and 
Council read before the Royal Society, as 
the Croonean Lectures for the Tear 1747. 

purfuant 
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PREFACE. 



purfuant to the Will of the late Lady 
Sadleir *. 

'The Foundation of my Scheme is laid upon 
thofe Hints which Sir Ifaac Newton has given* 
us in the Queries at the End of his incompa- 
rable Book of Opticks ; together with what 
Dr. Pemberton has J aid in his very learned 
Introduction to Cowper on the Mufcles. How 
well it is executed is mofi humbly fubmitted 
to my Superiors. I do not know that I have 
advanced any thing inconfifient with true Phi- 
lofophy ', or to any of the known Laws of the 
animal Oeconomy. I have the Satisfaction to 
fee,, in the fecond Volume of the late Dr. 
Defaguliers'.? experimental Philofophy^ that 
he approved of what I had formerly pub- 
li/hedy beyond all other Accounts ofMufcular 
Motion ; and I mufi confefs, that meeting 
with Countenance from fo good a Judge gave 
me great Encouragement to purfue the En- 
quiry. 



* Whoje fir ft Husband was Dr. Croone,. and at bis Requeft thtfe 
LeBures nuere founded. 
% Pag' 393- 
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LECTURE I. 

SECT. I. 
Read at a Meeting of *~-m ' • ■ ■ h HE external Superficies 

St£t 'At? - ^ 1 of «ery Mufck, h. 

«^ Origin and Infertion, 
-^ the Ufe of its A&ion 

in regard to the Animal Oeconomy, from what 
'Plexus the Nerve comes, whence the Artery which 
fupplies it arifes, and to what Vein the Blood is car- 
ried, are Difquifitions very worthy the Knowledge: 
of every Phyfician and Surgeon > in order to < disco- 
ver the true Seats and Caules of many Complaints, 
and to point out the mod rational Methods of Cure. 

II. 

But as thefc Rcfearchcs have nothing to do with 
the immediate Caufe of Mufcular Motion (the Ex- 

A plicatioa 
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plication, of which feems to be the chief Defign of 
the Learned Founder of thefe Le&ures) I fhall wave 
all fuch Enquiries, and proceed diredly to invefti- 
gate by what Means a Mufcle fo inftantly and forci- 
bly contracts itfelf, or fhortens its Length, at the 
Command of the Will 5 and this I fhall endeavour 
to do by fuch Rules and Laws as are fimple, uni- 
form, and intirely agreeable to the known Syftem 
of the Univerfe, 

III. 

In order to the eafier Illuftration of this wonder- 
ful and important Property in the Fibres, I fhall give 
you, i/?, An analytical View of the component 
Parts of a Mufcle. zdly> I fhall fhew the true Caufe 
of Cohe/ion, Tenfion, and Elafticity in the animal 
Fibres, idly, I fhall make it appear, that every Fi- 
bre conftituting a Mufcle, is, in its ultimate Divifion, 
tubular, and not a Chain of Veficles or Bladders, 
And, laftljf, I fhall prove it to be more than pro- 
bable, that Mufcular Motion proceeds from the at- 
tractive Quality of the constituent Particles of every 
Fibre being increafed and ftrengthencd by the Addi- 
tion of fome athereal Matter flying out from the 
Extremities of the Nerves > and that this is inftantly 
occafion'd by the Will, and ceafes again as foon. 

IV. 

By a chemical Analyfis of a Mufcle diflecled from 
the Buttock of a lean Ox, which weigh'd exactly 
two Pounds Averdupois, I procured, 

i. 
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i. Lymph — - 

2. Volatile Salt 

3. Oil 

4. Caput mortuum ; — — 

5. Loft in Diltillation, which I? 
prefumc was moftly mere Air J 
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There being no Averdupols Weights in the 
Shops, left than Quarters of Ounces, I ordcr'd fomc 
to be made of a Drachm, and others of two Drachms. 
The Drachm weigh'd 27 Grains ; fo that, by calling 
up the Grains into Drachms, and the Drachms into 
Ounces, \vc have the exact Weight of each of the 
above condiment Principles according to the Weight 
they were fivft of all weigh'd with. 

VI. 



It may be proper alfo to obferve, that the Appa- 
ratus I made ufe of in this Procefs, was the fame 
which I communicated a Dcfcription of to the 
Society fome time ago, and which is fincc publifhed in 
the ThilofuphicalTranfafiions N°. 475 ; except that 
the Retort I now ufed was made of Copper, in or- 
der that I might remove it from the the Sand-Heat 
into the actual Fire, without unluting any Part of 

A 2 " * the 
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the Apparatus, when no more Matter would arife 
by means of the Sand-Heat. 

VII. 

By this Method I could increafe the Fire till the 
Bottom of the Retort was red-hot, without any Dan- 
ger of breaking my Recipients; a Contrivance which 
may be ufefui in many chemical ProcefTes. 

VIII. 

From the above : mention'd Experiment we have 
evident Proof of the Proportions and Qualities of- the 
feveral Principles, or constitutive Parts of the muf- 
cular Fibres; and let no one be furprifed that the 
watery or phlegmatic Principle abounds fo much as 
to be nearly {■§ Parts of the whole Mafs, fince we 
know that dried Bones, and many other Things as 
unpromifing, afford half their Weight of Water, 

IX. 

That the Particles of Water are endued with a 
ftrongly attracting Power, and are highly ferviceablc 
as a Band of Union in the Formation and Growth 
of every tking, animate and inanimate, is not only 
manifeft from the great Quantity employed in the 
Growth of Animals and Vegetables, but aifo in our 
own manual Operations, fuch as making feveral 
Sorts of Glue, Paftes, Bricks, and fuch like, where 
the watery Particles prove a very durable and pow- 
erful Copula, and are not to be all of them feparated 

again, 
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again, even by a very intenfe Fire : Water is to be 
regenerated froin Bricks and Tiles after they have 
been burnt in the Kiln. 

X. 

The dried Wood, Part of a Mahogony-Table, 
which had flood by the Fire many Years, being 
rafped and put over the Fire in a Copper Retort, 
afforded a confiderablc Quantity of Water. 

XI. 

In fhort, take away the Water from the mofc fo- 
lid animal and vegetable Bodies, and they immedi- 
ately become mere Dull. 

XII. 

I don't apprehend that this confidcrable Quantity 
of Water, which is to be procured from inch folid 
Subftances as Bricks, Wood, or even from the inuf- 
cular Fibres, remains in diftinct Drops or Spherules, 
whilft it is a Part of fuch folid Subftances 5 but I 
conceive that the Minima, or primary folid Particles 
of Water may be attra&cd by, and actually joined with, 
the earthy, faline, and other component Particles, fo as 
to compofc the fevcral Degrees of Hardncfs, accord- 
ing to their refpeclive Proportions and Qualities ; 
and when thefe fevcral condiment Principles are 
difunited again, by the Power of Fire, or by the 
Length of Time, they rife up into the Air, or into 

the 
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the Recipient, according to their Divifibiiity an.es 
Levity 5 fuft Water, next Salt, then Oil. 

XIII. 

Nature feems to delight in Tranfmutations. Many 
Kinds of Fluids are eafily converted into denfe Bo- 
dies. We all know how foon Water is capable of 
being turn'd into a very folid friable Stone, by the 
Power of Cold. Mercury alfo is eafily turn'd into 
a hard brittle Metal ; and both thefe return to their 
former State of Fluidity by means of Heat. And a 
Solution of Copper in Spirit of Nitre being pour'd 
on Oil of Tartar, both Liquids inftantly become 
Verdigreafe in a dry Powder. 

XIV. 

From what has been faid we may obferve, that 
Water, or the watery Particles not only make up 
much the greateft Part of the mufcular Fibres, bur, 
by mutuality attracting, and being attracted by the 
other component Particles, they greatly contribute 
towards their Cohefion and Elafticity; for a fluid 
Particle will be fixed, and become a Part of a Solid, 
as foon as there is an attractive Force fufficieent to 
effect its Cohefion with the other folid Parts, though 
it returns to its former State of Fluidity upon the 
Analyfis of the compounded Body, 

XV. 

I would not by this be underflood as if I defign'd 
to exclude the other Principles from their Share 

which 
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which they give to the true Degree of Firmncfs and 
lilaflicity iu the Fibres; the (aline, fulphurcous, and 
earthy Parts are all endued with a ftrongly attracting 
Pdwer ; and when brought into Contacl with each 
other, or with the watry and acrcal Particles, they 
give Firmncfs and Solidity to the Compofition. 

XVI. 

Water feems to be the Gluten by which the other 
Principles arc wrought up. Too much Water in the 
Compofition renders the Fibres foft and lax ; as in 
Children, and anafarcous People. Too little Moift- 
urc occafions a ftirf, rigid Fibre; as in old Age. 
There is a certain Degree of Texture and Cohcfion 
neccflary towards mufcular Motion in its grcatcft 



Strength. 
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I have fhewn in a former Trcatifc *, that Air is 
very inftmmcntal in fixing and uniting the other 
Principles which conftitutc an animal Fibre; for in 
the mod folid Parts of the Body, where the Cohe- 
fion is (trongeft, we find great Plenty of Air. That 
the Air-Particles arc capable of being united, and 
fix'd to folid Bodies, and by that means may be 
cftccmed a Part of their Compofition, wc have many 
evident Proofs in Dr. Hales's Analyfis of the Air ; 
and that thofc Particles do in their fixed State 

ftrongly 
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flrongly attract the other component Particles, is 
evident, it being well known, that the molt ftrongly 
repelling and elaflic Particles, when in a tlparate 
State, arc the mod (Irongly attracting, when fixed to 
other Codies. 

XVIII. 

Now, according to Dr. Hales, fincc a much greater 
Proportion of Air is found in the folid than in the 
fluid Parts of Bodies; may wc not with good Rca- 
lon conclude, that it is very inftrumcntal, as a Band 
of Union in thofc Bodies j thofe Particles (as Sir 
Ifaac Newton obferves*) receding from- one ano- 
ther with the grcateft repulfive Force, and being moft 
difficultly brought together, which upon Contact 
cohere moft ftrongly ? And if the Attraction or Co- 
lic fion of an unclaftic Air- Particle be proportionable 
to its repulfive Force in an claftic State, then fince 
its claftic Force is found to be vaftly great, fo muft 
that of its Cohefion alfo. Let us add to this, that 
the Air generated from the flcfliy Fibres, in the Ex- 
periment above-mention'd, was not fcparated with- 
out great Violence ; for it did not rife in any Quan- 
tity, till the Clouds did, which contain'd and brought 
over the Salt and Oil : Whence it is evident- that the 
aereal Particles are firmly fix'd, and confequently arc 
very inftrumcntal in the Union of the other con- 
ftituent Principles. 

XIX. 
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XIX. 

Sic Ifaac Newton * thinks, that not only Water 
and Air arc convertible into denfe Bodies, but that 
even Light may become a Part of grofs Bodies, and 
that they may receive much of their Activity from 
the Particles of Light which enter their Compofition. 
It is the Opinion alfo of Monf. Homberg, that Light 
or Fire is a Part of the Compofition of all Things; 
though in the Analyfis of Bodies it is always loft, 
efcapingthe Skill of the Artift, and pafling through 
the clofeft Vcffcls. 

XX. 

Wc all know that folar Fire, or Light, adds 
Weight to Lead, Tin, or Rcgulus of Antimony, 
when expofed to the Fire of a burning Glafs, though, 
they other wife iofe much in Smoak and Steam. But 
to proceed : 

XXI. 

Thcfc then being then the component Parts of 
the mufcular Fibres, our next Task is to fhew the 
Caufe of their Tenfion and Elafticity. 

XXII. 

That all the mufcular Fibres of the Body arc in 
a S«-atc of Tenfion, during Health, is manifeft from 

every 
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every Incifion .made acrofs them, when the two 
Segments of the Mufclc lb divided, retire, one to its 
Infcrcion, and the other to its Origination ; that is, 
every Fibre is always ftrctched out beyond its natu- 
ral State of Reft or Quiefcence, fo that both Ends 
of it rctraft a considerable Diftancc after being cut 
afundcr. Now there are two Things which feem to 
be principally concerned in this Affair j viz. the 
Impulfe and Preffure of the circulating Fluids, always 
diffracting the Fibres, and a conffant Nifus or En- 
deavour in the conftituent Particles of the Fibres to 
run clofer together, when fo diftended, by means 
of their mutual Attraction towards each other. 

XXIII. 

The Equilibration which is ever preferved between 
the antagonift Mufcles, in a healthy State, unlefs 
when the Will directs it other wife, arifes from this 
Vis Reftitutionis ; which being ftronger or weaker ac- 
cording to the Degrees of Tcnfion, and the Degrees 
of Tenfion depending upon the Velocity and Quan- 
tity of Fluids circulating through every Fibre; it 
follows, that as long as the Fluids have the fame free 
Acccfs to every voluntary Mufclc, fo long will the 
^/Equilibrium be maintained. 

XXIV. 

In an EfTay which I publifh'd on this Subject of 
mufcular Motion, in the Year 1733, 1 endeavoured 
to prove that every the leaft Corpufcle of Matter is 
endued with an attractive Virtue on one of its Sides, 

and 
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and a rcpulfivc Power on the other, fomcthing fimi- 
]ar to the Loadftonc; and this I was firft of all in- 
duced to believe, from what Sir Jfaac Newton ob 
ferves in his Opticks, 6)ti. 3 1 . 

XXV. 

When any falinc Liquor {fays he) is evaporated 
to a Cuticle, and let cool, the Salt concretes in re 
gular Figures; which argues, that the Particles of the 
Salt, before they concreted, floated in the Liquor, 
at equal Diftanccs, in Rank and File ; and by Con- 
f cqucncc, that they acted upon one another by fomc 
Power, which at equal Diftanccs is equal, at unequal 
Diftanccs is unequal: For, by fuch a Power, they will 
range thcmfelvcs uniformly, and without it they will 
float irregularly, and come together as irregularly. And 
Jinccthc Particles ofia'/^WChryftal ad all the fame 
Way upon the Rays of Light, for caufing the un- 
ufual Refraction, may it not be fuppofed, that in 
the Formation of thisChryftal, the Particles not only 
ranged thcmfelvcs in Rank and File for concreting 
in regular Figures, but alfo, by fome kind of polar 
Virtue, turned their homogeneal Sides the fame 
Way? 

XXVI. 

And again, we are taught by the fame Great Man, 
that Fire is the raoft fimple of all known Bodies, 
and confequently the mod immutable j that each 
Ray of Fire or Light has Sides differently affected, 
and which have different Properties j and xhut Iceland 

B 2 Chryftal 
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Chryftal is found to attract a Corpufclc of Fire, if one 
of its Sides be turned towards the Ghryftal,and repel it, 
if the other be ; for one and the fame Ray is here 
refracted fomctimes after the ufual, and fomctimes 
after the unufual manner, according to the Pofition 
which its Sides have to the Chryftal ; and fincc the 
Chryftal, by this Difpofition or Virtue, docs not aft 
upon the Rays, unlefs when one of their Sides of 
unufual Refraction looks towards that Coaft, this argues 
a Virtue or Dilpofition in thofe Sides of the Rays, 
which anfwers to, and fympathizes with, that Virtue 
or Difpofition of the Chryftal, as the Poles of two 
Magnets anfwer to one another. 

XXVIL 

We arc fully perfuaded, that, in the Chryftalliza- 
tion of Salts, they could not fo regularly and con- 
stantly prefcrve their peculiar Shapes, Forms, and 
Figures, if every Particle of them had not its de- 
terminate Poles: For granting that the component 
Particles of each kind of Salt have a peculiar Shape 
and Size, different from any other kind of Salt, yet 
if they had a Power of uniting with each other 
indifferently, at their Tops, Sides, and Bottoms, 
one would think they could not always coalefce 
into Chryftals of the fame regular Figure : But if 
the conftitucnt Particles of every kind of Salt have 
their determinate Poles, then they cannot poflibly 
unite with each other, but when their Poles fquare 
with one another, and confequcntly they will always 
fly together, and be joined at fuch Points, only where 
theircorrefponding Poles are; which muft of courfe 
conftantly produce the fame regular Form and Figure 

in 
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in every Aggregate of fuch particular faline Par- 
ticles. 

XXVIII. 

Hence it is, that Salt Armoniac fo elegantly imi- 
tates the Branches of a Tree; Salt of ' Hartjbsrn a 
Quiver of Arrows 5 Salt of Tin fhoots into Lines like 
little Needles, which fpread themfelves every Way 
from a Point, as from a Centre, fo as to reprcfent 
a Star, &c. Now can it be imagined that tiiefe, or 
any other kind of Salts, would immutably and per- 
petually coalefce into Chryftals of the fame regular 
Pigure and Shape from any other Principle 2 

JvA.lA. 

Since therefore we have fo much Reafon to be- 
lieve that Salts of all kinds, and even the Rays of 
Light are endued with a polar Virtue, that is, every 
Corpufcle attracts on one cf its Sides, and repels on 
the other; and lince it is a well known Axiom, that 
Nature is ever frugal in Trinciples, I think it not 
at all unphilofophical, or contrary to any of the 
known Laws of Nature, to believe that every Parti- 
cle of Matter in the World is endued with an at- 
tractive and rcpulfive Property. 

XXX. 

Thus then, if the conftituent Corpufcles of the 
mufcular Fibres are formed together according to 
this Law, if they are all united at particular Points 

cor- 
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correfponding to their attra&ive Virtue, it follows, 
that wherever a mufcular Fibre is ftretched out to 
the leaft Degree of Tcnfion, fome of its Particles 
will touch each other in fewer Points; whilft others 
may poiTibly be difunitcd and removed from each 
other, though perhaps to inconceivable fmall Dis- 
tances : HenCe there will be a conftant Nijus in the 
leparated Particles to get together again ; and this 
Vis Reftitutionis will be ftronger or weaker, ac- 
cording to the Number of Corpufcles fo disjoined, 
and their attractive Virtue. 

XXXI. 

If the Power of the circulating Fluids (and I think 
it cannot be denied) be fufficient, from the firft Be- 
ginning of the Circulation of the Foetus, and fo on 
as long as Life continues, to diftend the Fibres be- 
yond the Size they would otherwife be of, by rea- 
fon of their corpufcular Attraction ; this diftra&ile 
Power muft always be the Occafion of fome De- 
gree of Tenfion in them : And if, upon the Remo- 
val of this Tenfion, the component Particles have a 
Property of running clofer together, . and contract- 
ing the Fibres in their Length, by the means above- 
mention'd, this muft be the true Caufe of Elafticity 
in the Fibres. 

XXXIL 

Hence therefore it follows, that fince the Fibres 
are always in a State of Diffraction, by the Quantity 
and Momentum of the circulating Fluids, and as they 
arc ever endeavouring to fhorten themfelvcs, by 
means of their corpufcular Attraction, their Elafticity 

muft 
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muft depend upon Tenfion? for the Fibres could 
have no Power to retract, or abbreviate their Length 
unlefs they were extended beforehand by fome cer- 
tain Force. 

XXXIII. 

It is not a fufficient Objection againft this Scheme 
to fay, that if we depend upon what is vifible, wc 
fhall never fee the dry folid Fibres, or Particles of 
any folid Body, once divided or drawn out of Con- 
tad, coalcfce or unite again, or recover the clofe 
Contacts they had before ; without fomc fluid Me- 
dium fupcradded. 

XXXIV. 

'Tis true, when a vifible Crack or Flaw happens 
in any dry, hard, folid Body, fuch as a Steel-Spring, 
or a dry, rigid, wooden Bow, the Rupture will al- 
ways continue, by rcafon the fever'd Particles can- 
not be brought again into the Sphere of each other's 
Attraction without the Intervention of fome Me- 
dium ; but then it does not follow from hence, that 
fuch a Spring or Bow cannot be bent at all with- 
out breaking ; or that the constituent Particles, which 
muft necellarily be difplaccd by fuch a diftending 
Power, do not fly together again by their attractive 
Virtue, when removed only to fuch minute Dis- 
tances. 

•XXXV. 

The Minima, or primary Atoms of all Bodies are 
non-elaftic, as being perfectly hard, folid, and infe- 
parable ; and therefore Elasticity muft proceed from 
the Aggregate, or Compofition of fuch Atoms, which, 

by 
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by being capable of changing their Situations, ac- 
cording to the imprcflcd Force, and being endued 
with a powerful attracting Virtue, they inftantSy rc- 
flimc their former Positions, when left to themfdves 
to obey thofc Laws which the Great Creator hath 
jmprcfs'd upon them. As for Inftancc: Whilft a 
common Steel Spring, or any fucli claftic Body, is 
.uot extended or bent, wc prefume every individual 
Particle of it to be at Reft; that is, they are 
all situated, in regard to each other, according to 
their Poles, and embrace one another by their com- 
mon Principle of Attraction ; but no fooner is fuch 
a Spring bent, by fomc imprcflcd Force, but many 
of its Particles on the convex Side, rauft of courfc 
touch in fewer Points, or perhaps be disjoin'd from 
each other, though to the molt minute Diftanccs 
that can pollibiy be ; whilft other Particles, on the 
concave Side of the Spring, muff, ncceflarily flip 
upon, or be crouded over one another. Hence it 
will follow, that if thofe Particles which arc fepa- 
ratcd from each other, or touch one another in 
fewer Points than ufual, are yet fo near each other 
as to be within their Sphere of Attraction, and not 
at all, or very little altcr'd in regard to their Poles, 
they will confequcntSy attracl each other very ftrongly, 
and fly together again, as foon as the imprcflcd 
Force is removed; whereas it is no unreafonablc Con- 
jecture to fuppofe, that thofe Particles on the concave 
Side of the Spring, which are comprefled, and as it 
were rumpled over one another, may be fo much 
alter'd from their former Pofitions, rhat their Poles 
do not now anfwer to each other 5 and if not, they 
will repel one another, according to their refpective 
7 Power 
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Powers, till they have attain'd their former Situa- 
tions, or, in other Words, till the Spring has rcco- 
ver'd its former Shape. 

XXXVI. 

The fame Principles of Attra&ion and Repulfiort 
are the Caufe of Reftitution or Elafticity in all other 
kind of Bodies. When a mufcular Fibre is ftretched 
out longer than ufual, it is moft certain that fome of 
its component Particles muft flip upon or by one 
another, or elfe be removed at exceeding fmall Di- 
stances from each other; fo that if the impreflfed 
force be too violent, if the Tenfion be carried fo 
far as to disjoin a great Number of the component, 
Particles beyond their Sphere of Attraction, the Fi- 
bre will continue to grow weaker and weaker till it 
breaks : But it is as evident, on the other Side, that 
when a ftretched-out Fibre does not break, but te- 
trads itfelf into its former Shape and Dimenfions, 
upon the Removal of the extending Power, the Par- 
ticles which were difplaced return again to their 
proper Pofitions, merely by the means of their at- 
tractive Virtue. 

XXXVII. 

Now all this being fo agreeable to thofe Laws of 
Nature which that divine Man Sir Ifaac Newton 
has difcover'd to us, I think we have good Reafon 
to conclude it to be the true Caufe of Elafticity in the 
animal Fibres. 

C XXXVIIL 
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XXXVIII. 

The Elasticity in the Air indeed, or in Water 
agitated by Fire, or in all the Exhalations proceed- 
ing from the Earth, arifes from the Principle of 
Repulfion only ; for the Particles of Vapours, Exha- 
lations, and Air, ftand at a Diftancc from one an- 
other, and endeavour to recede as far from one an- 
other as the Preffure of the incumbent Atmofphere 
will admit them. No Power yet known is able 
to- comprefs the Air-Particles within the Sphere of 
their Attraction towards each other, fo as to deftroy 
their elaftic Property ; and yet fingle primary Parti- 
cles of Air are continually attracted by other Bodies, 
and confolidated with them, till by the Action of 
Fire, or Fermentation, they are feparated again, and 
rcftored to their repulitve State. 

XXXIX. 

Hence we may obferve, that Elafticity, in differ- 
ent kinds of Things, or in Matter differently mode- 
fied, may arife from two feveral Caufes, viz. At- 
traction and Repuljion } and perhaps, in many In- 
stances, from the Influence of both at one and the 
fame time. 

XL. 

Whenever any kind of Matter is actuated by Fire, 
by Fermentation, or difiblved by any Mcnftruum, fo 
as to throw off its Particles in fubtile Vapour, there 

will 
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will be a conftant Endeavour in thofe Particles to 
recede further from each other; fo that the more 
they are confined, or compreflcd, the greater will 
be their elaftic Power : Whereas in folid Bodies, this 
Property of Elafticity proceeds chiefly from Attrac- 
tion, or a Nifus in the component Particles to fly- 
back, or run into clofe Contacts again, whenever 
they happen to be ftrerched out, or bent, fo as to 
touch each other in fewer Points. 

XLL 

From what has been faid we may deduce the 
following Corollary ■> -viz. That whenever Elafticity 
proceeds from the Principle of Reputfion, as it does 
in Air, Vapours, &c. fome CompreJJion is necefiary, 
in order to force the elaftic Matter into a narrower 
Compafs than it would otherwife poflefs ; but when 
it arifes from Attraction, as in the mufcular Fibres, 
and all folid Bodies, fome diflracTile Force is requi- 
fite to disjoin the component Particles from their 
ufual Contacts, before it can exert its Power; and 
perhaps, for want of attending to this Difference, 
fo many various Opinions may have arifen concern- 
ing the Caufe of Elafticity. 

XLII. 

In my next Lecture I fhall confider the Shape 
of the mufcular Fibres, and the Caufe of mufcular 
Action. 
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LECTURE II, 



XLiu.. 

Kead March 25. TTN m y former Lecture I endeavour'd 
^747- ^ to ex piore the ieveral conftituent 

Principles of the mufcular Fibres, and to fhew the 
true Caufe of their Cohefion, Tenfion, and Elafti- 
city. In this, I hope, I fhall make it appear, ift y 
That every Fibre conftituting a Mufcle is tubular, 
and of a cylindrical Shape, or very nearly fuch j 
and not a String, or Chain of Bladders, according 
to an Hypothecs which has been too long and too 
generally received, zdly, That the corpufcular At- 
traction between the component Particles of the Fi- 
bres is fo far increafed and ftrengthen'd by the In- 
fluence of the nervous zyEther, which is always at 
the Command of the Will, as to purfe up and 
fhorten every Fibre in its Length, whereby an In- 
tumefcence arifes in the Belly of the Mufcle, though 
it is contracted in its other Dimcnftons, fo as, in 
the Whole, to pofTefs lefs Room. 

XLIV. 

Being favoured with the Ufe of a mod excellent 
Microfcope, 1 made the following Experiments. 
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XLV. 

i/?, I divided fome Fibres as minutely as I poffibly 
could, from the Heart of an Ox, from a Part of the 
Diaphragm, from the intercoftal Mufdes, and from 
a Rump of Beef y all which were boiled to fuch a 
Degree of Tendernefs, that we feparated fome Fi- 
bres with the Point of a Needle, which were not 
vifible till placed under the Microfcope, and even 
then they did not appear bigger than Hairs, though 
others, which looked like Hairs to the naked Eye, 
were magnified to the Size of Wheat-Straws. All 
thefe feem'd to be Fafcicles of continued Tubes, as 
far as we could view them, without any Partitions 
©r Cells^ 

XLVI. 

zdljt Upon rending a Mufcle, which was taken 
from a Knuckle of Veal, and boil'd for four or five 
Hours, feveral of the tranfverfe, as well as longitu- 
dinal Fibres appear'd very diftinctly; which being 
placed under the Microfcope, and having a ftrong 
focal Light caft upon them by means of a Florence 
Flask fiU'd with Water, they feem'd to be fhrunk 
up, either by being boil'd fo long, or by being ex- 
pofed to the Air, fo that their Surfaces fecmed to be 
unequal and corrugated ; which is what Mr. Leeu- 
wenhoek* fays deceived him at fkft, fo as to make 

him 
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him think thefe Corrugations were £o many Vei?- 
cks or Cells; but he fooa difcover'd his Miftake. 
In fome of the Fibres I could plainly difcern a dark 
Lift running in the Centre, from one End to the 
other j but what it was, I could not difcover. 

XLVII. 

idly. Having obferved the mufcular Fibres in the 
Leg of a Sea-Crab to divide very eafily and diftin&Iy 
from one End of the Mufcle to the other ; we placed 
a great many of them under the Microfcope, but could 
not difcern any thing like Partitions or Cells. 

XLVIU. 

In fhort, Mr. Leeuwenhoek * allures us, that the 
minuteft Fibres that are vifible to the naked Eye 
appear through a good Microfcope to be invefted 
with a Membrane, which includes within it not one 
fimple Body, but a Bundle of ftill finer Fibres, the 
laft, or fmalleft Order of which he thinks to be 
iimple hollow Tubes. 

XLIX. 

This perhaps is as good Authority as we can have 
from the Affiftance of Microfcopes _j but if we may 
be allowed to deduce our Arguments from the Ana- 
logy which the mufcular Fibres bear to fome other 

Parts 
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Parts of the Body, whofe Shapes we are well ac- 
quainted with, the Reafonablenefs of this Opinion 
may appear yet ftronger. 

L. 

All Anatomifts agree, that the mufcular Fibres 
have their Rife from the Extremities of the Nerves 
and Blood-Veffels ; every Fibre being fupplied by a 
Branch of a Nerve, and an Artery, and having alfo 
a Vein arifing from it. 

LI. 

That the nervous Capillamenta are Cylinders 
is not denied by any one that I know of; and 
though the Arteries have been for a great while 
thought to be conical, yet the ingenious Dr. John 
Stephen/on * Fellow of the Royal College of Phyfi- 
cians at Edinburgh hath evidently demonstrated the 
whole arterial Syftem to be Cylinders, frequently 
divided and fubdivided, (till terminating in Numbers 
of fmall Cylinders, the Aggregate of which is always 
of greater Capacity than the Trunk or larger Cylin- 
der before the Ramification. 

LIT. 

May we not therefore very reafonably believe, 
from the Simplicity and Uniformity in all the Ope- 
rations of Nature, that the mufcular Fibres partake 

of 
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of the fame Figure with thofe from whence they 
have their Rife; efpecially when fuch a Shape (as 
will appear in the Sequel) is more proper for all the 
Fun&ions of a Mufcle than any other whatsoever ? 



LIU. 

I don't mean by this, that every Fibre of every 
Mufcle is a perfecT: and regular Cylinder from one 
End to the other j many of them may be thicker 
in their Coats, and larger in their Bores about the 
Middle than towards each End, fimilar to the 
Shape of the Mufcle; but what I think the moft 
reafonable Opinion is, that the fmalleft Fibrilte are 
hollow Tubes not divided into an infinite Number 
of Cells or Veficles. 



LIV. 

The longitudinal, red, flefhy Fibres feem indeed 
to be contorted and bound about in many Places, 
with white, fpiral, and tranfverfe Ramifications of 
the Nerves; but I can fee no Reafon to believe 
that thefe nervous Filaments divide the longi- 
tudinal flefhy Fibres into feveral Apartments or 
Cells i I rather think that they only dip into the 
Cavities of the Fibres, in order to convey into them 
the athereal Medium, which is contained in the 
Nerves. 



LV. 
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LV. 

Before the Laws of Nature, and the Animal 
Oeconomy were fo well known as they are now, I 
don't wonder that the veficular Scheme was thought 
a reafonable one, till it came to be examined by 
ftricT: Rules and Experiments. The common Experi- 
ment of raifing Weights by blowing up Bladders 
might fcem, at firft Sight, a very feafiblc Way of 
explaining mufcular Motion ; and without Doubt 
this firft of all gave Birth to the veficular Hypothecs. 

LVI. 

But the Fallacy of this Experiment was not dif- 
covcr'd for want of attending to the Difference be- 
tween Bladders which have been already blown up, 
and dried, and fuch as are recent and iupple. 

LV1I. 

If a String of dry Bladders, which have been once 
diftended as far as they could bear without burfling, 
and are now again fqueczed clofe, and ftretched out 
only in their Length, by means of a Weight hung 
at their Bottom ; 1 fay, if fuch a String of Bladders 
be blown up, it will undoubtedly diftend their tranf- 
verfe Diameters fo as to raifc up the Weight: But 
in all tender yielding Veficles, fuch as the mufcular 
Fibres moft certainly are, in their laft, or fmalleit 
Order, it is well known, that it they were to be 
inflated with Air, or any fuch-like Matter, it would 

D diftend 
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them in every Direction alike; they would grow 
longer as well as wider. Hence it follows, that if 
ihe abovemention'd Experiment was to be made 
with Bladders juft as they are taken out of animal 
Bodies, it would not anfwer the Purpofe, as is 
evident from blowing up thofe of Calves, Hogs, 
&c. 

LVIII. 

The mufcular Fibres, it is true, are always in a 
State of Tendon, but then this Tenfion is very far 
from being to their utmoft Stretch ; fo that, were 
they to be inflated in the manner above-mention'd, 
every Mufele would neceffarily increafe in Length as 
well as Breadth. 

LIX. 

Another infuperable Difficulty belonging to the 
veficular Hypothefis, is how to blow up a Bladder 
open at both Ends j which every Veficle is fuppofed 
to be, by having a free Communication with the 
Blood-veflels. 

LX. 

Having therefore fo much Reafon to conclude* 
that the mufcular Fibres, in their ultimate Divifions, 
are not cellular, but tubular, let us proceed to fhew 
the Manner and Caufe of their Contraction. 



LX. 
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LXI. 

A Mufcle in its Motion very evidently grows lejs 

in Bulk. 

This Proportion is clearly demonftrated by that 
famous Experiment communicated to the Royal So- 
ciety, by Dr. Goddard\ in the Year idGp, where 
putting a Man's Arm into a glafs Cylinder full of 
Water, the Water always funic when the Mufclcs 
of the Arm were contra&cd, and rife again to the 
rirft Standard when they were relaxed. This we 
think may be look'd upon as an Experimentum Cru- 
ets ; whereas, if every Fibre was a Chain of Blad- 
ders, whofc Contraction in Length arofe from their 
Inflation in Breadth, all the World knows there 
would be a fenfible Swell of the whole Arm upon 
mufcular Action. 

LXII. 

There arc ftil.l other Difficulties attending the ve- 
hicular Hypothejis. If the animal Spirits are fup- 
pofed to inflate the Cavities of the mufcular Fibres 
merely by a propulfive Force, like unto the Steam 
of boiling Water working in the Engine to raife 
Water by Fire, it ought to be proved from whence 
fo ftrong an Impulfc fliould arife; and alio how the 
Nerves, which are the Conduits thro' which this 

flatulent 
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flatulent Matter muft be convey'd, mould lie fo 
loofe and unclafticj it being evident from all 
Experience, that if fuch an elaftic flatulent Vapour 
was to fly thro' the whole Length of the Nerves, 
with an Energy fufficient to give a Man a Power of 
lifting up great Weights, the Nerves muft be ftretched 
out in Proportion, and confequently would be very 
tenfe and elaftic. 

LXIII. 

Thofe who fuppofe the Inflation of the Mufcles 
to arife from a fermentative Motion in the Fluids, 
ought to prove, by a proper Number of Experi- 
ments, that there are Juices exifting in the Body 
capable of fuch fudden and violent Rarefactions or 
Explofions, upon mixing with each other; and if 
this poflibly could be done, the Diminution of the 
Bulk of the Mufcles in A&ion, would overturn all 
their Scheme. 

LXIV. 

Hence it is evident that the veficular Hypothecs 
ought to be intirely reje&ed, as being repugnant to 
the Lams of Matter, and to the fhanomena of the 

Mufcles. 

LXV. 

By undoubted Experiments we are convinced, 
that the Intumefcence of a Mufcie, when it adts, 
arifes merely from a Change made in its Figure j 
that is, as it fhortens in Length the Belly grows 
thicker, and yet the Bulk in general is diminifhed. 

Let 
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Let us therefore inquire after the Agents which arc 
capable of producing fuch furprifing Thanomena, 
and at the fame time (hall be confiftent with every 
other Operation in the Animal Occonomy. 

LXVI. 

From what has been faid it appears, that Contrac- 
tion, or mufcular Action, does not depend upon any 
Fluid dilating or diftending the Fibres 5 but, on the 
contrary, they Ihrink up and grow left. The in- 
ftantaneous Alternations from Conftri&ion to Dila- 
tation, and vice verfa, manifeftly difcover that muf- 
cular Motion cannot be caufed by fuch Juices as 
the Blood, Lymph, and fuch-likej but it muft be 
from fome more fubtile athereal Matter, which may 
be mix'd with the Blood in general, and fecreted 
from it by the Glands of the Brain. 

LXVII. 

Let us but carefully confider the exquifite Appa- 
ratus of the Brain, the Quantity of Blood it receives, 
the infinite Number of its excretory Duds, and the 
great Divifibility and Subtilty of Matter, and we 
fhall find great Reafon to conclude that there is a 
moll: fubtil, asthercal, volatile Fluid, of great Force 
and Elafticity, perpetually fecreted from the Blood, 
by the Glands of the Brain, and continually flying 
into the Nerves, for the Ufes of mufcular Motion, 
and many other gt eat Purpofes of the Animal Occo- 
nomy. 

LVIII. 
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LXVIII, 

The delicate Texture of the Nerves, as well as 
that of the Brain, implies that the Fluid they convey 
to the Mufclcs mult be exquifitely fine. Indeed 
when a Nerve is wounded, there flows from it a 
fweet, fofr, clammy, balfamic Juice, which no 
doubt is carried, at all other times, by the evanef- 
cent Nerves to their ultimate Divisions, in order to 
nourifh and prcfcr,vc the moil minute Fibrilla, and 
all their Expanfions* and this may properly be 
called the Succus rmtritins of the Nerves. But I 
cannot conceive that this vifible Juice has any thing 
to do with the immediate Caufe of voluntary Mo- 
tion i for fo vifcous a Matter could never admit of 
fuch fudden Viciflit-udes, as are in mufcular Action, 
if it was capable of performing it in other Re- 
lpefts. 

LXIX. 

There are Abundance of Confederations which 
evince the Exiftencc of fome fubcil Spirit in the 
Nerves, much finer than to be tiic Qbjeft of our 
Senfes. We have no Proof, either from Experiment 
or Rcafon, of any other inirrumental or phyfical 
Caufe of Scnfe or Motion, but this animal zyEt her 
which is elaborated from the Blood. 
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LXX. 

The learned Dr. Mead * thinks no Regard ought 
to be had to the immechanical Notions of thofe 
Authors, who imagine that there is no fuch thing 
as a nervous Fluid in an animal Body $ and that muf- 
cular Motion and Senfation are performed only by 
the Vibrations of the Fibres of the Nerves, without 
the Intervention of any fpirituous Fluid. 

LXXL 

The furprifing Difcoveries which have been made 
of late Years, by a Variety of Experiments upon 
Electricity, do in fome meafure give us an Idea of 
the great Subtilty and Velocity of the nervous Fluid. 
I have been informed by the ingenious Mr. Watfon t 
a worthy Member of this Society ', that the Swiftnefs 
of the electrical Effluvia is prodigious j that one 
Stroke of his Hand down the Tube, when well 
electrified, was felt as foon as his Hand could be 
at the Bottom of the Tube, through five Men 
ftanding upon electrical Cakes, and communicating 
with each other by a Cane, Sword, or any other 
Non-electric. 

LXX1I. 

Hence it follows, that if a Tube could be always 
excited, and was always to be applied to the End of 

a 
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a proper Cord or String ; the ele&ric Matter, which 
is excited by Fri&ion between the Hand and Tube, 
would ever be ready to exert its attractive Influence 
on Leaf-Gold, and fuch-like Things, when placed 
within a due Diftance of the End of the String j 
and perhaps this may be very fimilar to the Motion 
and A&ion of the nervous <iyEther. 

LXIII. 

Thus much being premifed, and it being taken for 
granted, that we have an athereal Medium in the 
Brain, Spinal Marrow, and all the Capillament a of 
the Nerves, ever ready to be convcy'd into the muf- 
cular Fibres, by the Power of the Will, and which M<?- 
<//#»* confifting of the moft refined Matter in Nature ; 
it follows, that the Motion of this nervous $_/Ether 
may be as quick as Lightning, and alio its attractive 
Power muft be exceeding ftrong, by virtue of its 
vaft Degree of Subtiltyj as is evident from what 
Sir Ifaac Newton * has calculated concerning the 
Rays of Light. 

LXXIV. 

From thefe Obfervations therefore, and from what 
has been faid above concerning the Cohcfion and 
Elasticity of the animal Fibres, I think we have great 
Reafon to conclude, that mulcular Motion does pro- 
ceed from the Influence which the nervous <^/Ether 

has 
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upon the component Particles of the mufcular Fibres 
themfclvcs, by infiantly incrcafing their attractive 
Virtue towards each, fo as to make them run cioi'er 
together, or, as it were, up into Heaps, as long as 
fuch an additional attractive Medium is in the Fibres. 

LXXV. 

If we look back and confider the Nature of the 
Vis Reftitutionis, or Elafticity in the mufcular Fi- 
bres, wc fhall find, that the Caufc of that Property 
only wants to be incrcafed, in order to overcome 
the diftractile Force of the circulating Fluids, and 
the R.cftftance of the antagonift Mufclcs: Whence it 
follows, that if fuch a Power was to be incrcafed 
in one Set of Mufclcs, and not in their Antago- 
nists, thofe Mufclcs, whofe elaftic or retracing Power 
was incrcafed, would be abbreviated in their Length, 
whilft the others would be extended and lengthen'd. 

LXXVI. 

When any Mufcle is freed from the Power of 
Its Antagonift, by a Wound, fyc. it immediately 
contracts, and is not to be extended again by the 
Power of the Will. Whence it has been faid, that 
Contraction is the proper State of the Mufclcs, and 
to which they always tend : But if wc narrowly in- 
fpeft into this* Affair, we fhall find, that, when a 
Mufcle is contracted in this manner, it is no further 
fo than the elaftic reftitutive Property in the Fibres 
is concerned; We do not find that fuch a Mufcle 
is indurated, or its Belly fwoln like unto what it is in 
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voluntary Action ; for here being no Influx of the 
nervous <^/Etker to increafe the corpufcular Attrac- 
tion, the Mufcle is ihortcned only by the inherent 
mutual Attraction between the conftituent Particles 
of its Fibres, without any Matter being fuperadded. 
This kind of Contraction therefore is evidently the 
State to which the elaftic Fibres, tend by a conti- 
nual Conatm hi the component Particles to accede 
towards each other without the Afliftance of the 
nervous <^yEther , fo that this natural Vis motrix 
in the mufculous Fibres is no more than what we 
mean by their Elafticity, or refiitutive Property: It 
feems however to be demonftrated from hence, that 
mufcular Action, and Elafticity in the Fibres, pro- 
ceed from the fame Caufc in different Degrees 5 
•viz. from corpufcular Attraction. 

LXXVII. 

Let us now endeavour to corroborate thefe Argrt* 
ments by fome fuitable Obfervations. 

LXXVIII. 

\fl. From what has been faid we may conceive 
more readily, than we know how to exprefs, that 
the Will has a Power to direct the athereal Me* 
dium contain'd in the Nerves, to any of the volun- 
tary Mufcles, with fuch a Degree of Celerity as it 
pleafes ■, and to flop the Influx as fuddenly. 

LXXIX.. 

idly. It is evident that the Coats, or carnous Sub- 
ftance of every Fibre, muft neceflarily increafe in its 
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Thicknefs, when It abates in its Length ; and what 
Power can produce this Effect, but fuch a one as in- 
creafes the mutual Attraction between the conftitu- 
cnt Particles? 

LXXX. 

idly. Hence appears the Rcafon, why the Belly of 
a Mufcle iwells during its Contraction, notwith- 
ftanding its Dimenfion in general is diminifh'd -, for 
as the component Particles of each Fibre are more 
loofely join'd together about the Middle than to- 
wards its Extremities, which are generally tendinous, 
it is natural to fuppofe that the chief A&ion is between 
them ; that is, when a Fibre grows fhorter, fuch of 
its Particles which are mod at Liberty run nearer 
together, and as the Motion of all Bodies is ever 
in prbportion to the Impulfe they receive, and the 
Refiftance they meet with, fo when the constituent 
Particles of the mufcular Fibres are drawn into a 
fhorter Compafs, by the means above-mention'd, 
the Middle of the Fibres muft fwell either inwardly 
or outwardly, or both, according to the Refinances 
they meet with. 

LXXXI. 

And laftly, Since the Coats of the mufcular Fi- 
bres do rnoft certainly grow thicker as they contract 
in their Length, and yet the external Surface of the 
Mufcle in general is diminished; it manifestly fol- 
lows th-t their Cavities muft grow lefs, and their 
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contain'd Fluids muft be preflcd out, in proportion 
to the Contraction of the Mufcle. 

LXXXIi. 

This appears upon Blood-letting, when fqueezing 
any thing hard in the Hand will make the Blood fly 
out with a greater Velocity, and thereby form a 
larger Tarabola. 

LXXXIIL. 

This alio accounts clearly for the Induration and 
Palcnefs of a Mufcle during its Action. 

LXXXIV. 

And again, it follows hence, that in the Action 
of the Mufcles there is an alternate e Diaftole and 
Syfiole perfectly analogous to the Action of the Heart, 
which greatly contributes towards pulhing on the 
Blood in the Veins. 

LXXXV. 

The Mufcles being contra&ed merely by the In- 
fluence of the nervous zy£ther> and the Influx of 
the <iyEther being ftopt by withdrawing the Impe- 
tus given to it by the Power of the Will ; the Rea- 
fon'and Manner of their Relaxation will eafily ap- 
pear. For fmce the nervous Fluid is extremely fub- 
tile, that Portion of it which is thrown into the 
mufcular Fibres, a&s but for a Moment, or the lead 

Space 
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Space of Time, fo quick is, it in its Motions, and 
fo penetrating in its Nature ; and no (boner is the 
Vigour of the Attraction over, but the Tendon of 
the Antagonist Mulclcs, and the Impulfe of the 
Blood will extend them again. 

LXXXVI. 

Whoever duly confidcrs the well known ■ Effects of 
magnetical and electrical Effluvia will be at no Lcfs 
to conceive the inftantaneous Influence which the 
nervous t^yEther has upon the mulcular Fibres. 



LXXXVII. 

It mud be confefs'd indeed, that thefc hit ma 
Natura, or fecret Operations in the Animal Oeco- 
nomy are all skrccn'd from our Knowledge, the 
Agents being too fubtil ever to become the Objects 
of our Se-nfcs, though ever fo well ailiftcd ; fo that 
we can only form our Schemes, and deduce our 
Arguments from fuch collateral Proofs, or from inch 
'Data as we arc pretty furc arc true. As for In- 
stance ; the Influence which the Soul has upon the 
/ethereal Medium in the Nerves muft be by Im- 
pulfe ; for though our finite Capacities arc not able 
to comprehend the Nature of immaterial Impulfe ; 
yet nothing is more certain than that the molt fub- 
til Matter in the Univcrfc cannot be moved with- 
out fomc imprefled Force. 

LXXXVIIL 
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LXXXVIII. 

That the Will does exert itfelf after this manner, 
is in a good meafurc proved by Dr. Stuart's * Ex- 
periment upon a Frog, where a proper Impulfe be- 
ing given to the Medulla fpinalis did excite Motion 
in the voluntary Mufcles, though the Head was fe« 
ver'd from the Body. 

LXXXIX. 

Hence alfo it appears, that the Nerves arc always 
replete with a fubtil Fluid capable of contracting 
the Mufcles, or other wife fuch an Impulfe on the 
Beginning of the Nerves, could not have excited 
Motion after the Head was cut off. 

XC. 

And again, common Experience allures us, that 
tho' the Nerves are always replete with an athereal 
Med?ttm,yctth\s Medium, in a State of Health, never 
flies out at their Extremities, into the mufcular Fibres, 
without fomc Impulfe by the Direction of the Will : 
Whenever it happens to do (o, Convulfions and 
Cramps are the natural Confequences. 

XCI. 
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xcr. 

It may perhaps feem ftrange to fomc, that I have 
not all this while taken any Notice of the Blood, as 
an Agent in mufcular Motion $ fincc it has ever 
been reckoned fomc way neceflary towards it. But 
notwithstanding this Opinion has been fo long and 
fo generally received, yet if our Scheme be the true 
one, it evidently appears the Blood hath nothing to 
do with the immediate Contra&ion of the Mufcles. 

XCIL 

From tile clofe Connection of the nervous Capilla- 
menta in all or moft of their Ramifications, to thofe 
of the Arteries, it feems as if the Diaftole and Syf- 
tole of the arterial Syftcm was fome how ufeful" to 
them. Perhaps it may aflift in pufhing on the Sttc- 
cus nutritkts, or that clammy balfamic Juice which 
is in the Nerves, towards their Extremities ; but I 
cannot conceive that the Blood itfclf is in any way 
affifting towards mufcular Motion, except it be by 
keeping the Fibres warm, fupple, diftended, and 
every way ready for the Influx of the nervous 
zyEther. 

XCIII. 

I have tied up and cut afunder both the Carotid 
and both the Crural Arteries of the fame Dog, with- 
out destroying the Motion of one Mufclc. Nothing 
lefs than laying a Ligature on the Aorta defcendens 

will 
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will dcftroy the Motion of the binder Parts; and 
poffibly this may happen from the great Diftenfion 
of the Aorta above the Ligature, prefling upon the 
Nerves which go to the lower Parts. 

XCIV. 

It is certain indeed, when all the Blood is inter- 
cepted the Fibres will foon collapie, and grow flac- 
cid, and mufcular Motion will ccafe, merely for 
Want of the Warmrh, Supplenefs, and Diftenfion 
which the Mufclcs receive from the Blood. But 
what I think, mod rcafonablc is, that the Blood is 
no Way concerned as an efficient Caufe in purfing 
up and contracting the Fibres s it rather by its Mo- 
tion through the Mufcles, acts as an Antagonift to 
their Contraction, by extending and diftending them j 
for the Blood, by the 'Diaftole and Syftole of the 
Arteries, is continually urging on its Pafiage through 
the Mufclcs. 

xcv. 

Thus I have endeavour 'd to deduce and illuftrate 
the Caufe of mufcular Motion from true Principles, 
by purfuing only thofc Laws of Nature, which our 
great Philofophcr Sir lfaac Newton has in fo fur- 
prifing a manner difcover'd to us. But I am far 
from thinking this a complete Account ; I know it 
requires more Experiments, and better Rcafonings 
than I am Matter of, to explain it as it ought } and 
even after all, there arc, and ever will be, fome 
Things above the Reach of our Capacities to demon- 

ftratc, 



[4«] 

urate, any otherwifc than by their Effo&s, or fccond 
Caufcs : Such arc, the Nature of an immaterial Im- 
pulfe ; the real Exigence of fo fubtil a Fluid as is 
attributed to the Nerves ; and the true Caufes of 
Attraction and Rcpulfton. 

XCVI. 

That the Supreme Betng hath implanted an 
immaterial Spirit in every living Creature, for the 
Purpofcs of Scnfation and voluntary Motion, I think 
cannot be denied by any one in his Scnfes: But 
perhaps it may not become us to be too toUicitou 1 . 
about the Modus of Action bctWixt the Soul and 
Matter; thefe Things being above the Reach of 
human Rcafon. It is fufficient for our Purpofe, 
that wc know the Will has a Power of determining 
the nervous zyEther immediately and directly to 
every individual voluntary Mulclc. 

XCVII. 

The Exigence or Non-Exiftcncc of the nervous 
Fluid, commonly called the animal Spirits, has been 
a Controvcrfy of long (landing. The firft Searchers 
into the Structure of the human Body foon found 
that mufcular Motion depended upon the Nerves, 
or fomcthing within them; and this has conftantly 
been alTerted, and admitted as a known Truth. 
The Advocates for the Exigence of animal Spi- 
rits have generally fuppofed that voluntary Motion 
was performed by a fudden Inflation of the Mufcles, 
either by the Power of the nervous Fluid itfelf, or 
by an inttantancous Ferment with fomc other Fluid j 
and I am apt to belicvc } that this Doctrine proving 

F inoonfiftent 
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inconfiftent with many Things relating to the Ani- 
mal Oeconomy, and contrary to fome known Ex- 
periments, might give Rife to the vibrating Scheme, 
where the Exiftence of the animal Spirits is denied, 
and where it is fuppofed that both Scnfation and 
mufcular Motion may be performed merely by the 
Elafticity of the Nerves, and Contractions firft of 
all begun in the Brain, and fo communicated to 
the flemy Fibres: But this is fo immechanical a 
Notion as not to deferve an Anfwer ; it being im- 
pofilble for a vibrating Motion in one Cord or 
String, were it ever fo elaftic, to caufe a Contrac* 
tion in another, without the Intervention of fome 
Fluid. 

XCVIII. 

1 (hall conclude this Le&urc therefore with ob- 
ferving, that the Exiftence of an athereal Medium 
in the Nerves is paft all manner of Doubt ; it being 
otherwife contrary to the known Laws of Nature 
for the Nerves to be the Caufe of mufcular Mo- 
rion if they were folid, or did not admit the mod 
fubcil Fluid, fecrctcd by the Glands of the Brain, to 
pafs through them. 

XCIX. 

And fince it is known from Experiment, that 
the Mufcles grow lefs in Attion, and, confequently, 
the conftituent Particles of every Fibre muft run 
nearer together before fuch a 'Phanomenon can hap- 
pen i we think it very manifeft that this Property of 
Conftri&ion atifes from the Principle of corpufcu- 

lar 
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lar Attraction being increafed and ftrengthencd by 
the Influence of the nervous ^/Etheti a Principle, 
which, from the endlefs Diviftbility and Subtilty of 
Matter, we may never be able to comprehend, 
though we know it to exift in Nature from innu- 
merable Obfervations and Experiments. 



The End of the Second Lecture. 
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LECTURE III. 



xcv. 

iWAprilg.TTN Confirmation of the Truth of what 

" 747 JL ^ as ^ ccn ^^ m tnc two P rece ding 

Lectures, and for a further llluftration of this Sub- 
ject of mufcular Motion, I beg Leave to offer fomc 
Thoughts concerning the Caufc and Manner of 
Action in the involuntary Mufcles; and after that 
I fhall relate fome Experiments, which I have made 
in order to illuftrate our Theory in general, as far as 
the Nature of the Subject will admit, 

XCVI. 

When any Mufcle, voluntary or involuntary, is 
fully contracted, that is, when its component Par- 
ticles are drawn into the clofeft Contacts they are 
capable of, by the Influence of the (ethereal Medium 
in the Nerves, it is evident, from all the Laws of 
Matter, that they would not recede from each other 
again without fome imprefled Force. Now in all 
the voluntary Mufcles we very well know, that when 
one Set of them are contracted, their Antagonifts 
are lengthen'd, and vice verfa--, fo that the Vis Re- 
Jtitutionis in all. the ftretched^out Fibres, and the 

Momentum 
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Momentum of the Fluids to enter again into the con- 
tracted Mufclcs, will inftantly dilate and diftract them, 
when the Impulfe of the Will ceafes, till an exaft 
Equilibration is reftored. 

XCVII. 

This being the plain Matter of Fact in regard to 
the voluntary Mufclcs; let us now endeavour to 
find out the Mechanifm belonging to the involun- 
tary ones, and more particularly of that very curi- 
ous one the Heart. 

XCVIIL 

Dr. Hoadlj, in his Lettures on Refpiration y has 
manifeftly (hewn that the external Ranges of the in- 
tercoftal Mufclcs appear to have all the characteriftic 
Marks of antagoniit Mufcles. If you take three Ribs 
together, Jays he, and obfervc the different Ranges 
of the Fibres in the two intercoftal Mufcles, which 
lie on each Side the middlemoft of thefe Ribsj you 
will fee, ar fkft Sight, that the internal Range in the 
lower Mufcle, counter-acts directly the external 
Range in the upper Mufcle. 

XCIX. 

The Action of the 'Diaphragm is alfb counter- 
balance by the abdominal Mufclcs, and Contents of 
the Abdomen > which fqueeze it up, in a convex 
Form, into the Cavity of the Thorax, upon every 
Expiration. 

As 
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As to the Sphincter Mufclcs, they fecm to be al- 
ways in the fame natural contractile State; and 
whenever they arc ftrctched out, by fomc lupcrior 
Power, they recover their ufual Dimcnfions merely 
by their reftitutive or elaftic Property. The fame 
may be faid of the Stomachy Uterus, Vefica, which 
contract by the fame means, into a narrower Capa- 
city, as foon as their Contents are discharged. 

CI. 

I fhall confine my Thoughts therefore to the Ac- 
tion of the Heart only, as being the moft perfect 
involuntary Mufclc. 

CII. 

The Heart is a Vifctis which has given the Lite- 
rati a great deal of Trouble to find out its real 
Mcchanifm, and the true Caufe of its regular Alter- 
nations of Contraction and Dilatation. I have of- 
tentimes laid open the Brcaft of a Dog, and kept 
his Lungs playing with a Pair of Bellows, in order 
to obferve how regularly and alternately the Syftole 
and c Diaftole> both of the Heart and its Auricles, 
followed each other ; that is, when the Ventricles 
were contracted, the Auricles were dilated, and vice 
verfa ■, fo that the Auricles feem, in fotnc mcafure, 
to act as Antagonifts to the Ventricles, and the re- 
fluent Blood may be of the lame Service to the Au- 
ricles. 
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riclcs. But there being fo much Difpirity between 
the contractile Strength of the Ventricles and that of 
the Auricles, there muft ncccflarily be fonie orhec 
Caufc, which, when the Heart is fully contracted, 
makes it unbend again, or ccafc to contract ; by 
which means the Auricles, though fo very weak in 
companion of the Ventricles, have Power enough to 
throw in Blood, and thereby to diftend the Ventri- 
cles to a certain Degree, before they arc capable of 
acting again. 

cm. 

If we might be allowed to make an Eftimate of 
the Difference between the contractile Strength of 
the Heart and its Auricles, from the Difference of 
their Bulk, or Quantity of Fibres, we fhouid find it 
to be about nine to one ; as I have obferved, by 
weighing the Hearts of feveral Animals, and their 
Auricles fcparately. 

CIV. 

Hence it does not feem reafonablc to think, that 
the weak Efforts of the Auricles would be iufficicnt 
to caufe the 1)iaftole of the Heart, without fome 
other Afliftant. 

CV. 

One great Ufe of the Auricles is, to receive a 
Quantity of Blood, during the Syftole of the Heart, 
fufficient to fill the Ventricles again at their T>ia- 

Jiole. 
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fiole. The fame may be faid, in fome mcafure, of 
the Veins ncarcft the Heart, which may be plainly 
iecn to dilate during the Contraction of the Auri- 
cles ; fo that the Heart, Auricles, and Veins, have 
all their Syfloles and Tiiaftoles in fubordinatc De- 



crees. 



CVI. 

Without fuch Receptacles as thefe it would be im- 
pofliblc for the Ventricles of the Heart to be fill'd 
from the Veins fo fuddenly as they are -, for though 
the Areas of the tranfverfc Sections of the Veins 
are much larger than thofe of the Arteries, yet we 
find, by Dr. Hales s Hamaflatical Experiments, 
that the Velocity of the Blood in the Arteries is 
above fix to one to that in the Veins : But fince the 
Auricles keep receiving the Blood whift the Heart 
is in its Syfiole (the Veins doing the fame by the 
Auricles) a due Quantity of Blood is always ready 
to be thrown into the Heart, by the Time it is fit 
to receive it -, for the c DiaJlole takes up two Thirds 
oi the Space of Time between each Pulfe. 

CVII. 

Here then we may obferve that the Momentum 
of the refluent Blood acts Upon, and diftends the 
Veins ncareft the Heart, whilft the Auricles are con- 
tracted ; that it alfo dilates the Auricles, whilft the 
Heart is in Action •, and that the Heart is in its 
1)ia/lole, whilft the Auricles are in their Syfiole. 

But 
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But the great Difficulty in accounting for the Tiiar 
ftole of the Heart, is from the Difproportion between 
its contractile Power, and that of the Auricles ; it 
being plain, from what has been faid above, that 
the Momentum of the Blood in the Veins is ftopt by 
the Contraction of the Auricles, fo that the Ventri- 
cles of the Heart can receive no other Impulfe from 
the Blood at that time, than what is derived from 
the Contraction of the Auricles. 

CVIII. 

Hence therefore it follows, that if the Syftole was 
the natural State of the Heart, and to which it al- 
ways tended with its full contractive Power, the 
Impulfe of the Blood, from the Contraction of the 
Auricles, could never be able to dilate it. 

CIX. 

Dr. Lower makes the Syftole the natural State or 
Action of the Heart, and the T>iaftole the violent 
one : Boerhaave, on the contrary, makes the Syftole 
the violent, and the Diaftole the natural State. But 
perhaps neither of thefe Opinions may be right, in 
the ftrictcfl: Scnfe ; for if we look back we mail 
find, that if the Fibres were not tenfe they could 
not be clafticj and if fomc Violence was not put 
upon them, by the Impulfe of the circulating Fluids, 
they would not be tenfe : Hence it appears, that 
Elasticity proceeds from a State of Violence. 

g cx; 
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And again ; When a Mufcle is freed from the 
Power of its Antagonist, and is thereby left at full 
Liberty to contract, as it always will by its elaftic, 
rcftitutive Property only, it docs fo no further than* 
in Obedience to the common Power of Attraction 
between its component Particles? but in all other 
mufcular Action, when this attractive Power is 
greatly increafed by the Influx of the nervous 
<^'Ether, the Conftriction is carried much further, 
and the Mufcle is more fully contracted than it ever 
is in the other State : Hence it foliows, that Con- 
traction, in its fulled Degree, is not the natural 
State of a Mufcle. 

CXI. 

And further; When the constituent Particles of 
the Fibres are drawn into their clofeft Contacts, by 
the Influx of the nervous c_y£ther, it requires fome 
Force, in a contrary Direction, to elongate the Fi- 
bres again ; fo that Extension, or Dilatation is alfo a 
State of Violence. 

CXII. 

From the Whole then it appears, that neither the 
Syftole nor 'Diaftole, in a full Degree, is the natu- 
ral Srate of the Heart; and this we fliai! fhew more 
plainly hereafter by inspecting the Hearts of Animals 
after being bled to Death. But to proceed : 

CX1IL 
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cxin. 

From what has been faid above, it feems rcafonable 
to conclude, that if Contraction, in its fulled: Degree, 
was the natural State of Reft or Quiefcence in the Heart ; 
the Momentum of the Blood from the Contraction 
of the Auricles, could not be a fufficicnt Counter- 
poife. And fince fo many fruitlcfs Attempts have 
been made to account for the c Diaftofe of the Heart; 
from the Impetus of the Blood in the Veins, and 
from the Prcffure of the Atmofphere, &c. give me 
Leave to propofc the following Queries. 

CX1V. 

i/?. May not the Heart be a compound Mufcle ; 
that is, may it not have its Antagonift within itfclf ? 
Or, in other Words, arc not fomc of its Fibres fo 
ranged, that whilft one Set of them is contracted 
and fhortcn'd, others may be ftrctched out 5 analo- 
gous to the Action of the intercoftai Mufcles, or 
any other Mufcles with their Antagonifts 1 

CXV. 

■utty. Is the nervous <^/Ether tranfmitted from 
the Brain to the Heart in a pulfatory Manner, at 
equal Diftanccs of Time 5 or may it be fuppofect to 
move uniformly through the Nerves, and ibme In- 
terruption is given to its Influx into the mufcular 
Fibrcs, when the Heart is in its Syftole? 

G 2 CXVI. 
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CXVII. 

2dly. Docs not the 'Diafiok of the Heart depend 
upon an Abatement of fhe Tendon in the contracted 
Fibres ; a Motion of Refti ration in fuch as are 
over flrctched j and the influx of the Blood con- 
junctly ? 

CXVIII. 

Without feme fuch Mcchanifm as this, no Power 
that we know of, belonging to the animal Occo- 
nomy, would be able to caufc the T)iaftole of the 
Heart : But if fuch a Structure, as is above menrion'd, 
could be proved, no more Difficulty would attend 
the Explication of it than that of the voluntary 
Mufclcs. 

CXIX. 

In directing the Heart we find a great many different 
Orders or Scries of Fibres, varioufly contorted, and 
running in contrary Directions ; so that, for ought 
we know, it may be an Epitome of mufcular Con- 
duction in general. 

CXX. 

We may hereobfervc what Care Nature has taken 
to prevent too great a Dilatation in \\\Q c Di<ijlole of the 
Ventricles, the right one efpecially, as being the weak- 
eft, by forming the Tapilla, or Qolumrta, which run 

from 
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from the Septum, or middle Partition, to its oppo- 
site Sicks; whereby they act as fo many Braces in 
the 1)ia(fole, and when they contract, they alio 
aflift in the Syflole. And perhaps it may not be 
the mod improbable Conjecture to think.; that as 
much Care may have been taken in providing a 
fufficicnt Number of Fibres, or little Mufclcs, which 
may be fo formed as to act in the c DiaJio!e, as An- 
tagonifts to thofc which occafion the Syftole. 

CXXI. 

The Hearts of Frogs, Vipers, Eels, &c. fecm to 
evince the Reafonablcnefs of this Conjecture, by 
continuing their. Syftoles and ■'Diaftoles after they 
are taken out of the Body ; when there is no re- 
fluent Blood to dilate the Ventricles, and, confe- 
qucntly, if there were no Fibres upon the Stretch, 
when the Heart is contracted, which, by their Elas- 
ticity, or rcftitutivc Power, did pull back, or elon- 
gate fuch as were contracted, there could not pof- 
iib'y be any Tjiaftole in fuch Circumftanccs. 

CXXII. 

We arc aflurcd by Mr. Boyle, in his Thy/ico- 
Me chanted Experiments, th.it the Heart of an Eel 
hath continued to beat an Hour, in an exhausted 
Receiver; after which, finding its Motion very lan- 
guid, and almoft ecafed, by breathing a little upon 
that Part of the Glals where the Heart was, k 
quickly rcgain'd Motion ; and an Hour after that, 

finding 
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finding it almoft quite gone, he was able to renew 
it, by the Application of a little more Warmth. 

CXXIII. 

The fame illuftrious Author further aiTures ns, 
that he has fometimes cut the Heart of a Flounder 
tranfverfely, into two Parts; and freeing each from 
the Blood it contain'd, he obferved, for a confi- 
dcrable Time, that both of them together continued 
their former Contraction and Relaxation. And. 
once, thus cutting one into feveral Pieces, he found, 
to his Surprize, that they not only moved as be- 
fore, but that even the Whole, thus fcparated, long 
preferved the fame Succeffion of Motion, as appeared 
therein whilft coherent. 

CXXIV. 

Now can the e Diafiok of the Heart, in thefc Ex- 
periments, be accounted for upon any other Prin- 
ciples than thofe we have laid down ? Here was no 
Impulfc from the refluent Blood to dilate the Auri- 
cles, or to diftend the Ventricles. The Preflure of 
the Atmofphere was alfo quite taken away in the 
firft Experiment, and could not poflibly be of any 
Service in the laftj and yet the T>iaJiole continued. 

CXXV. 

Can the fame Fibres which are contracted, have 
it in their own Power to fly out again to their 
ufual Lengths? If this cannot be, what Power is 

there 
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there in a Heart, taken out of the Body, to unbend 
itfelf, or to dilate its Ventricles, after they are once 
contracted, unlcfs we fuppofc fome of its Fibres to 



act as Antagonifts to others ? 



CXXVI. 



We have good Reafon therefore to believe that 
fome Fibres of the Heart are always ftretched out 
beyond their natural Tone, when others are con- 
tracted ; fo that, by their elaftic, reftitutivc Property, 
they do act as Antagonifts in a certain Degree. 

CXXVII. 

In regard to the Syftole, in fuch Hearts as are 
taken out of the Body, and cut into feveral Pieces, 
we conceive, that as long as Warmth and Moilture 
remain, fo long may the athereal Matter in the 
Nerves, continue to fly into the Fibres, and con- 
tract them 5 and when it ceaies, more Warmth, or 
a gentle Impulfe (even with the Point of a Needle 
only) will revive the Motion. 

CXXVIII. 

Hence we may, in fome mcafurc, difcovcr the 
amazing Subtilty of the nervous c_y£ther ; when 
fuch very fmall Sections of the Nerves, as in the 
abovc-mention'd Experiment upon the Heart of a 
Flounder, fhould contain Matter fufficicnt tor fo 
many Contractions. 

CXXIX. 
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CXXIX. 

Let us now return to our fecond Query, and exa- 
mine whether the nervous <^/Ether is tranfmittcd 
from the Brain to the Heart, in a pulfatory Man- 
ner, at equal Diftances of Time ; or whether fome 
Interruption is only given to its Influx into the 
mufcular Fibres, when the Heart is in its Syftole. 

CXXX. 

In order to underftand this, wc mud look back 
and confidcr, that, according to our Theory, if the 
athereal Medium in the Nerves was perpetually 
flying into the mufcular Fibres of the Heart, it would 
be conftantly contra&ed, notwithftanding the Mo- 
mentum of the Blood, the Contraction of the Auri- 
cles, or the Vis Rcjlitutionis in the ftrctched-out 
Fibres. Hence then it is evident, that the alternate 
Contractions and Dilatations of the Heart pro- 
ceed from an alternate Influence of the nervous 
<iyEther ; but how this Alternation happens, when 
the Nerves which fupply the Heart arc not, in the 
leaft, under the Direction of the Will, is the Diffi- 
culty wc labour under. 

CXXXI. 

In all the Nerves which fupply the voluntary 
Mufcles, it is certain there arc Restrictions in fomc 
Parts of them which the ^ethereal Matter is not able 
to dilate without an additional Impulfe from the 

Will ■, 
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Will ; or otherwife Cramps and Convulsions would 
perpetually happen. But in thofe which fupply the 
Heart, the Motion of the <iyEther through them 
cannot have any Afltftancc or Impulfe from the 
Will, as nor being in the lead under its Influence ; 
fo that the Vibrations of the Meninges of the Brain, 
and the Dilatations of the Arteries may be fuppofed 
to be the Agents which propel the <^£ther towards 
the Heart. 

CXXXII. 

Hence then it feems to follow, that the alternate 
Contractions of the Heart may proceed from the 
alternate Impreffions made on the Nerves, by the 
Meninges of the Brain, and Dilatations of the Arte- 
ries. 

CXXXIII. 

Upon opening the Sculls of living Animals, the 
'Dura Mater may plainly be fcen to have its Syfto- 
les and Ttiaftoles correfponding to thofe of the Ar- 
teries ; but fince the Heart continues to beat after 
the Head is cut off,, or even after it is taken out of 
the Body, where there cannot be any alternate Suc- 
cufllons made on the Nerves by the Meninges of 
the Brain, or by the Pulfation of the Arteries, it 
feems reafonable to believe that this Alternation is 
occafion'd by fome Impediment being given to any 
further Influx of the ^Ether into the mufcular 
Fibres of the Heart, when it is fully contracted ; or 
otherwife, the Heart would conftantly remain in a 

H State 
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State of Contraction, as long as there was any athe* 
real Matter flying from the Nerves. 

CXXXIV. 

IF we confider in how many different Directions 
the mufcular Fibres of the Heart run, how much 
they are corrugated, thickened, and fwclled, when 
fully contracted, and how ftrong and uniform the 
PreiTure muft be in their greateft Degree of Aft ion > 
it may not perhaps appear unreafonable to think that 
the Extremities of the Nerves, which are inferted 
into every Fibre, and which are extremely fmall 
and tender, may be prefled upon and fqueezed, fo 
as to prevent the Influx of the ayEther, till the 
Prefiure is abated, or till the Fibres are extended 
again to their ufual Lengths. 

CXXXV. 

What feems to evince the Reafonablenefs of this 
Suppofition is the Nature of the Shaking Talfey j 
where the voluntary Mufcles immediately become 
involuntary ones, fo far at leaft, as to be alternately 
contracted and relaxed without the Confent or Di- 
rection of the Mind. 

CXXXVI. 

Now this Diftemper we believe to proceed from 
a particular Weaknefs in the Nerves, whereby thofe 
little Redactions in them, which keep the athereal 
Matter within due Bounds, in a State of Health, 
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are To far weaken'd and dcftroyed, that XhtzyEther 
has a Power of flying into the mufcular Fibres 
without any Impulie or Direction from the Will, 
after the fame manner it does into the Heart. If 
therefore no Interruption was to be given to the 
Influx of the nervous <^y£ther by the Mufcles 
themfelvcs, when they were contracted, it would 
follow, that if the Flexors of any Limb were to 
be firft contra&cd, the Extenfors would not be able 
to recover the z^^/Equilibrium, and to be contracted 
in their Turn, without the Afliftance of the Will} 
for if our Doctrine be right, viz. that mufcular 
Motion proceeds from the constituent Particles of 
the Fibres being drawn into clofer Contacts by the 
attractive Influence of the nervous <^Ether, it ne- 
ceffarily follows, that if the fame Quantity otz_/Ether 
was continually to -fly into a Mufclc already con- 
traded, it would have a greater Influence on the 
component Particles fo approximated, than on 
others in the antagonift Mufcles, which are detracted, 
and confequcntly touch each other in fewer Points. 

CXXXV1I. 

Hence it feems to be evident that fome Impedi- 
ment is given to the Influx of the nervous <^Ether 
when the Mufcles are contracted, or othcrwifc that 
they would always remain fo j for, though the Will 
jmay be able to remove fuch little Impediments, and 
to keep the voluntary Mufcles in a State of Con- 
traction for a confiderablc Time.; yet fincc the vo- 
luntary Mufcles, when" affeded with a Palfy, arc re- 
gularly and alternately contracted, and have their 
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Syftoles and T>iaftoles analogous to the Heart and 
its Auricles, I think we have good Reafon to con- 
clude, that the fame Principles which contraft and 
dilate the voluntary Mufcles, in the above-mention'd 
Condition, are the Principles which occafion the 
Syftole and "Qiaftole of the Heart, with this Dif- 
ference only, that the Influx of the Blood into the 
Sinufes of the Heart, is what no other Mufcle in 
tiae Body has or receives; and without Doubt this 
may truly be reckon'd the greatcft Afllftant in di- 
lating the Ventricles of the Heart, after the attract- 
ive Influence of the nervous <^£ther ccafes, and 
the <^y£quilibrium is reftored between the ftretched- 
out Fibres and thofe which were contracted. 



CXXXVIII. 

What has been faid fcems greatly to evince the 
Truth of our third and lafi Suppofition ; viz. that 
the 'Dia/lole of the Heart may depend on an Abate- 
ment of Tenfion in the contracted Fibres, a Vis Re- 
fiitutionis in fuch as are over-ftretched, and the In- 
flux of the Blood conjunctly. 

CXXXIX. 

Give me Leave to relate two or three Experi- 
ments which I have made, in order to illuftrate the 
foregoing Theory, and then I mail conclude. 
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CXLI. 

Experiment I. 

Having obferved that the Ventricles of the Hearts 
of all Animals, when bled to Death, are dilated, or 
(land wide open to a certain Size, though there 
happens to be very little Blood in them, it feems as 
if the T>iaJiole, in a certain Degree, was the laft 
Motion of the Heart. In order to know the Truth 
of this, I open'd the Thorax of a Dog, and kept 
his Lungs playing with a Pair of Bellows, that I 
might perfectly fee the feveral Actions of the Heart 
and its Auricles. 

CXLII. 

The Auricles feem'd to me to begin the Motion, 
and the Syfiole of the Heart always inftantly followed 
that of the Auricles. Then the Apex and Sides of 
the Heart funk down, and were lengthen'd of their 
own accord, before any Blood was thrown into the 
Ventricles, from the Contraction of the Auricles j 
for there was oftentimes more than double the Time 
taken up in the T>iaftole of the Heart, than the Sjf- 
tole both of the Auricles and Ventricles required. 

CXLIII. 

If I defifted from blowing frefh Air into the 
Lungs for fome little Time, the Heart would lie 
ftill, and yet I could recover its Motion again, by 
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ftrongly diftcnding the Lungs. In this Action I never 
could difcern that the Heart began the Motion, but 
the Auricles always contracted firft, and then the 
Heart immediately afterwards; though, at laft, I 
faw feveral Contractions of the Auricles, which 
were not fucceeded by any Motion of the Heart. 

CXL1V. 

I muft not forget to mention, that in another 
Dog I faw feveral Syfiolcs and c Diaftoles of the 
Heart after I had purpofely cut afunder both the 
Vena 'Cavasi and could plainly perceive the Ven- 
tricles to relax and open themfclves, when very lit- 
tle or no Blood could poffibly flow into them. 
This however is much more eafily feen in the Heart 
of a Viper, when taken out of the Body, which 
will continue its Syftole and Diaftole for a long 
time; and if it ceafes to beat ever fo often, and 
you renew its Motion again and again, by breath- 
ing upon it, &d You may obferve that the Auri- 
cle always contracts before the Ventricle, and that 
the 'Diaftole is the laft Motion, though there is no 
Blood to diftend the Heart. 

CXLV. 

The Capacity of the right Ventricle of the Dog's 
Heart, in the above Experiment, as it open'd of its 
own accord, was fomething more than a cubic Inch, 
as I found, by pouring in melted Wax from a 
Ladle, without any PrefFure from a perpendicular 
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Height, after the Auricle and Blood-veffels were cut 
off tranfverfcly. 

CXLVI. 
Experiment II. 

Taking the Heart out of an Ox a$ foon as I pof- 
ftfaly could after he was kill'd, and having cleanfed 
it front the Blood, by waffling it in warm Water, I 
fiU'd both the Ventricles with melted Wax, with- 
out any diftending Force more than by pouring it 
from the Ladle. The Heat of the Wax feem'd 
rathet to contract the Fibres, and to lefien the Ca-< 
parities of the Ventricles? for fome of the Wax 
kept running out from the Heart after I had done 
pouring it from the Ladle. 

CXLVII. 

The Capacity of the right Ventricle was equal to 
fi cubic Inches. The Capacity of the left Ventri- 
cles was not quite 5 cubic Inches. 

CXLVIII. 

From thefe Experiments it manifeftly appears, 
that the laft or reftitutivc Motion of the Heart is to 
dilate or open the Ventricles, and that without 
any Affiftance or Impulfe from the refluent Blood. 

CXLIX, 
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CXLIX. 

Dr. Hales * inje&cd the left Ventricle of the 
Heart of an Ox from a Column of melted Wax 
4£ Feet high, which diftended the Capacity of it to 
12. 5. cubic inches. Now fuppofing the Impulfe of 
the refluent Blood to be equal to a Column of 
melted Wax 4^ Feet high, and that in every T>ia- 
ftole, whilft the Ox was alive, the left Ventricle was 
diftended to the. Capacity of 13. f. cubic Inches, 
yet we may obferve that the Heart, immediately after 
each Syjlole, relaxes and dilates its Ventricles to a 
certain Degree, by its own Mechanifm, and to 
whatever Capacity the Ventricles are afterwards di- 
lated, it muft neceffarily proceed from the Impulfe 
of the Blood only 5 all which is perfectly agreeable 
to our third Gtuery, viz. that the T)iajtok of the 
Heart may depend upon an Abatement of the Ten- 
don in the contracted Fibres, a Motion of Restitu- 
tion in fuch as are over-ftretched, and the Influx of 
the Blood conjun&ly. 

CL. 

Experiment III. 

I took the Heart out of a live Viper, and placing 
it upon a Piece of writing Paper, I found it beat 
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at the rate of 24 or 25- Pulfations in a Minute, 
for three or four Minutes. After this I laid the 
Paper upon, the Palm of my Hand, the Warmth 
of which incrcafed the Number of Pulfes to 37 
the firft Minute, and to 48 the fecond. Laft of 
all I put it into warm Water, a Degree or two 
warmer than the Blood, where it beat 87 Pulfes the 
firft Minute, and afterwards declined in its Motion 
more and more till it quite ceafed. 

CLI. 

May we not from hence obferve what vaft Influ- 
ence Heat had upon the nervous (^yEther to make 
it fly fo quick into the Heart as to increafe the Pulfe 
to almoft four times their ufual Number ? How far 
the Heat in fome fort of Fevers may quicken the 
Pullc, is not to our prcfent Purpofc to enquire. 

CLII. 

It is amazing to think that fuch very fmall Por 
tions of the Nerves, as were cut out with the Heart 
in this Experiment, fhould contain Matter fufEcicnc 
for fo many Contractions } and that it did not ail 
of it inftantly fly out from the wounded Ends, even 
before it was put into warm Water. 

CLIH. 

How far thefe Experiments may ferve to illuftratc 
and confirm the Truth of our Theory of mufcular 
Motion, is very humbly fubmitted to the candid 
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Judgment of this Honourable and mod Learned 
Society-, and I fhall think myfelf well recompensed 
for my Pains, if it fo far meets with their Appro- 
bation as not to contain any thing inconfiftcnt with 
true Philoibphy, or to any of the known Laws of 
the Animal Oeconomy. 



FINIS, 



